Introduction
Recently a demand of remote laser welding process for galvannealed steel sheets increases rapidly in the automobile industry in order to cut down task time, to produce high quality products and to eliminate factory area. However, it is well known that the welding defects (pit, porosity, spatter, etc.) caused by vapor of galvannealed layer deteriorate the strength and quality of lap joints during laser welding. Moreover, it was reported that the sheet gap of the lap joint more than 0.04mm of galvannealed steel reduces defects dramatically during laser welding 1, 2) . However it is very difficult to control the gap clearance in the actual automobile production line.
Moreover there is a great demand for the reliable in-line inspection method for laser welding, because inspection processes require much man power, time and cost in the automobile production line. Therefore in-line inspection methods for laser welding are studied 3 6) .
One of the objectives is to develop the remote laser welding technique for galvannealed steel sheets by using the laser predeforming process in order to make the adequate sheet gap for preventing spatters and porosity. The second one is to develop the in-line inspection system during high-speed remote laser welding by using in-situ monitoring system.
Experimental procedure

Test conditions for creating sheet gap by deformation
A galvannealed steel sheet, GA60, with 1mm thickness was used. Table 1 shows the chemical composition and mechanical properties of GA60. Lap welding was performed on the lapped sheets using the 3 kW fiber laser unit and the laser head with the long focal lens (400 mm). Then the straight-line type or C-type bead shapes were adopted. Table 2 showed welding and laser predeforming conditions. The pre-deforming process was performed using the same laser unit for welding by defocusing the beam spot. The straight-line pre-beads for the straight-line welding bead and the C-type pre-bead for the C-type welding bead were produced. Figure 1 shows schematic illustration of each pre-bead patterns and definition of each size as follows. The penetration ratio of the pre-bead, number of pre-beads, pre-bead shape, length between cramps and length between pre-beads were changed in order to investigate the effect of these parameters on the predeformation. When pre-bead shape was line bead, the pre-bead length was 20 mm and welding bead was 40mm. Figure 2 shows appearances of each specimen used to examine the effect of patterns on weldability in this experiment.
The percentage of the welding defect was examined on weld beads using X-ray CT photographs; it is the area ratio of the welding defect.
Test conditions for in-situ monitoring
High-speed imaging was performed by using a high-speed
by SHINOZAKI Kenji , YAMAMOTO Motomichi , MORINAGA Kenta , YAGI Daisuke , KATAKAMI Yusuke and OZAKI Takuya
The purpose of this study was to develop the remote laser welding technique for galvannealed steel sheets using the pre-deforming process by laser heating and to develop in-line inspection system for remote laser welding system using visible images. It was concluded that the weldabillity of lap welding joint of galvannealed steel sheets could be improved by making the sheet gap of more than 0.04mm using the laser pre-deforming process before laser welding and moreover the quality of lap joints could be evaluated by using the proposed in-situ monitoring system. Key Words: Remote Laser Welding, In-Process Monitoring, Galvanealed Steel, Visualization *Received: 2008. 11. **Member, Graduate School of Engineering, Hiroshima University, Japan Table 2 Laser welding and laser pre-deforming conditions Table 1 Chemical composition and mechanical properties of GA60 camera set up with the remote laser welding system coaxially or the laser head having the long focal lens (400 mm) without a lighting system. Figure 3 shows the schematic illustration of remote laser welding system. Table 3 and Table 4 show welding and observation conditions for in-situ monitoring. Welded joints with the various percentage of the welding defects were obtained by changing the sheet gap.
The number of spatters was counted as the parameter to predict the welding quality and strength of welds by analyzing high-speed images during welding under the long-focus and highspeed conditions. The spatter analysis procedure by using highspeed images is as follows.
(1) The un-analyzing circle area is defined around the molten pool (laser beam spot) in order to avoid the noise from fume and pool emission as shown in Fig. 4 . that the sound beads having the high tensile load with the fracture mode in the base metal could be obtained when the percentage of welding defects was less than about 10%. Therefore when the length between pre-beads was 30mm and the length between prebeads in parallel direction was 20mm in Fig. 6 and the outside Ctype bead ( 20mm) was employed in Fig. 7 , a sound weld bead fractured in base metal could be produced.
It was confirmed that the sound bead without defects could be produced by the pre-deforming process using the same bead for remote laser welding under the adequate conditions. Figure 9 shows the relationship between the average number of spatters per one frame and the percentage of the welding defect. It is found from Fig. 8 that when the percentage of the welding defects is less than about 10%, the joints fractured in the base metal. In other words, quality of lap-welded joints could be estimated by using the proposed in-situ monitoring system during high-speed remote laser welding for galvannealed steel sheets.
In-situ monitoring
Conclusions
It was investigated from this study to develop the remote laser welding technique for galvannealed steel sheets by using the laser pre-deforming process in order to make the adequate sheet gap for preventing spatters and porosity and to develop the in-line inspection system during high-speed remote laser welding by using the in-situ monitoring system. The main results are as follows.
1. It was confirmed that the gap clearance more than 0.04mm for obtaining sound laser lap welding joints of galvannealed steel sheets could be made by using laser pre-deforming process. So the sound bead without defects could be produced by the predeforming process using the same bead for remote laser welding under the adequate conditions.
2. Quality of lap-welded joints could be estimated by using the proposed in-situ monitoring system during high-speed remote laser welding for galvannealed steel sheets. 
